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Jose Hernhndex  Qut:ro2, Maria del C a r m e n  Maroto E l a I  a n d J u a n  R o m d n  Ureiial  
‘Department of Microbiology, School of Medicine, and ’Infectious Diseases Unit, 
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Objective: To evaluate the growth time and recovery rate of mycobacteria, and the percentage of contamination in the 
MB/BACT system versus trsditional culture, on Lowenstein medium. 
Methods: One thousand one hundred and fifty-nine samples for mycobacterial analysis were cultured in Lowenstein 
medium and the MB/BACT system: 0.5-mL aliquots of the sample were inoculated into tubes containing either medium 
and incubated for 49 days. The mycobacterial isolates were identified by means of the Accu-Probe (Gen-Probe) or a 
system based on chromogenesis, time and temperature of growth and principal biochemical differentiation analyses. 
Fischer’s test was performed 
Results: Ninety-three myc8)bacterial strains were isolated: 80 Mycobacteriurn tuberculosis, seven strains of the M. 
avlurn-intracellulare complex, four M. gordonae and two M. srnegrnatis. For M. tuberculosis, 76 of 80 isolates grew in 
MBlBACT, while 60 of 80 grc,w on Lowenstein medium. A total of 88 of the mycobacterial strains grew in the MB/BACT 
system, while 66 grew on tl-e Lowenstein solid medium. Growth in the MBlBACT averaged 16.51 days, as opposed to 
22.71 days on Lowenstein v edium. 
Conclusions: The MB/BACT system is a suitable complement to cultuiring on Lowenstein medium, while the workload 
does not significantly increiise in comparison with culturing on solid media only and still allows major recovery of 
mycobacteria with a signific.int time-saving. 
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INTRODUCTION 
The diagnosis of mycobact,:rial infections has become 
increasingly important in recent years due to the 
resurgence of tuberculosis and infections caused by 
atypical mycobacteria in .munodeficient patients, 
particularly AIDS patients [ 1,2]. Level I1 myco- 
bacteriology laboratories have to perform staining 
demonstrating the acid resic tance of mycobacteria and 
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perform microorganism culturing and identification 
of Mycobacteriurn tuberculosis isolates [3]. Most labora- 
tories cullture mycobacteria only on solid media or in 
combination with radiometry 141; the introduction of 
radiometric methods presents difficulties for labora- 
tories that do not have the required equipment or 
whose personnel are not trained to use radioactivity. 
This might prevent these centers from using a liquid 
medium that would increase the recovery of myco- 
bacteria while at the same time decreasing the time of 
detection, since mycobacterial growth is detected more 
rapidly in liquid media [ 5 ] .  The recent introduction on 
the market of automated or semi-automated liquid 
medium imycobacteria culture systems based on non- 
radiometric methods could allow the universalization 
of culturing in liquid media as a supplement to the 
routinely required solid medium [6]. In this study, we 
would like to present our experience with one of these 
systems, Organon Teknika’s MB/BACT, as compared 
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to culture on Lowenstein medium (Difco Laboratories, 
Detroit, Michigan, USA). 
MATERIALS AND METHODS 
For a period of 5 months, we used Lowenstein medium 
and the MB/BACT system to culture samples that our 
laboratory received for mycobacterial analysis. During 
this period, we received a total of 1159 samples, 
877 pulmonary and 282 extrapulmonary: 778 sputum 
samples, 192 urine samples, 68 bronchial aspirate 
samples, 27 gastric juice samples, 26 pleural fluid 
samples, 25 cerebrospinal fluid samples, 11 bone 
marrow aspirate samples, five biopsy samples, five feces 
samples, four bronchoalveolar lavages, three ganghons, 
three synovial fluid samples, three pericardial fluid 
samples, three aspirate punctures, two abscesses, two 
pus samples, one sample from a telescopic catheter and 
one tumor capsule. 
Non-sterile samples were decontarmnated by means 
of the following procedure. Two solutions consisting of 
2.9% dehydrated sodium citrate and 8% NaOH were 
prepared and mixed in equal parts. N-acetyl-L-cysteine 
(5% w/v) was added to this solution to produce the 
analysis solution. Subsequently, an equal volume of the 
analysis solution was added to the sample, and mixed 
by whirling for 30 s, inverting the tube in the process 
to obtain improved homogenization. This mixture 
was incubated at  room temperature for 15 min, after 
which 20-30 mL of phosphate-buffered saline (PBS) 
was added, followed by mixing and centrifugation at 
30002 for 15 min. The top layer was poured out and 
the sediment used to prepare a smear for microscopy. 
Finally, the sediment was resuspended in 1 mL of 0.2% 
bovine albumin and the suspension inoculated onto the 
Lowenstein medium and into the liquid medium of the 
MB/BACT system. Samples from sterile sites were 
inoculated directly into the culture media. 
Acid/alcohol-resistant bacteria in clinical samples 
were detected microscopically by auramine staining and 
viewing under a fluorescence microscope with x400 
magnification. Any uncertainties were verified with 
Ziehl-Neelsen staining and observation under an 
optical microscope with x 1000 magnification. 
The Lowenstein medium culture was obtained by 
inoculating 0.5 mL of the decontaminated sample into 
tubes containing the medium and incubating these for 
47 days at  37°C. Culture growth was observed visually, 
once a day during the first week and once a week 
thereafter. For tubes containing growing cultures, 
Ziehl-Neelsen staining was performed to investigate 
the presence of acid/alcohol-resistant bacteria. Samples 
that were positive for the presence of acid/alcohol- 
resistant bacteria were put aside after recording the 
morphology of both the colony and the stain for sub- 
sequent identification. Negative samples were spread 
on culture media for common bacteria, and the type 
of contamination identified. Whenever growth was 
detected in the h4B/BACT system, incubation in the 
Lowenstein medium was extended to 60 days. 
Culturing in the MB/BACT automated myco- 
bacteria culture system was achieved by inoculating 
0.5 mL of the decontaminated sample or the sterile 
sample in culture bottles containing 10 d of modified 
7H Middlebrook medium (with bovine albumin, 
catalase, and enzymatically digested casein). To this 
medium was added the antibiotic mixture supplied by 
Organon Teknika, which contains amphotericin B, 
azlocillin, nalidixic acid, polymyxin B and trimetho- 
prim, reconstituted in a solution of Tween-80, glycerol 
and amaranth. Adl t ion  of antibiotics is recommended 
to avoid growth of contaminant microorganisms [7]. 
These inoculated bottles were placed in the MB/ 
BACT automated continuous-monitoring system for 
detection of mycobacteria and cultured for 49 days at 
35°C. The MB/BACT system continuously monitors 
the bottles by means of a non-invasive method that 
detects the presence of CO? as an indicator of bacterial 
growth by color changes of a sensor placed at the 
bottom of each culture bottle [8]. When the system 
indcated the presence of growth, the procedure was 
the same as that for the positive samples in the 
Lowenstein medium. 
For the M.  tuberculosis and M .  avium-intracellulare 
complex (MAC) and for M.  gordonae, mycobacterial 
isolates were identified by means of the Accu-Probe 
(Gen-Probe), using 0.1 mL of the liquid medium in 
which the mycobacteria grew, obtained by the BCB 
VENT (Difco) system, or the same volume of a 
suspension of the solid medium. The growth detected 
by the MEVBACT system allows the performance 
of this method directly at  the time of detection. 
Other atypical mycobacteria were identified using a 
system based on chromogenesis, time and temperature 
of growth and principal biochemical differentiation 
analyses. 
The statistical analysis of results was performed by 
Fisher’s test. 
RESULTS 
An auramine stain was performed for all the samples. 
O f  these 56 (4.83%) were found positive, and in 
52 of them (72.86%) a mycobacterial strain was iso- 
lated by either method. The four, samples in which 
no mycobacteria grew despite the positive staining 
were from patients undergoing therapy. During the 5 
months of the study, 93 (8.02% of the 1159 samples) 
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Table 1 Rate of recovery of mycobacteria by each system 
______ 
Isolate MB/BACT Lowenstein 
MTB 76 (95.00%) 60 (75.00%) 
MAC 7 (100%) 4 (57.14%) 
AU mycobacteria 88 (94.62%) 66 (70.97%) 
Other NTM 5 (83.33%) 2 (33.33%) 
MTB, M. tuberculosis; MAC, M .  aviumintracellulare; NTM, non- 
tuberculosis mycobacteria. 
mycobacterial strains were isolated: 80 M.  tuberculosis 
(86.02% of the mycobacteria isolated), seven of the M. 
avium-intracellulare complex (7.53%), four M.  gordonae 
(4.30%) and two M.  smegmatis (2.15%). 
For M .  tuberculosis, 76 of 80 isolates grew on the 
MB/BACT system (95.00%), while 60 of 80 grew in 
Lowenstein medium (75.00%) ( p  =0.0003). On the 
smear-positive samples, 46 M. tuberculosis strains were 
found; 45 of them grew in the MB/BACT system 
(97.83%) and 41 (89.13%) on Lowenstein medium 
(p=O.l). For the smear-negative samples, M.  tuber- 
culosis grew in 34 cases, 31 in the MB/BACT system 
(91.17%) and 19 on Lowenstein medium (55.88%) 
A total of 20 M.  tuberculosis strains grew in the 
MB/BACT system but not on Lowenstein medium, 
whereas four grew on Lowenstein medium but not in 
the MB/BACT system. Of these, five smear-positive 
and 15 smear-negative strains grew in the h4B/BACT 
system and not on Lowenstein medium, whereas one 
smear-positive and three smear-negative strains grew 
on Lowenstein medium but not in the MB/BACT 
system. It should be pointed out that three of the four 
M.  tuberculosis isolates that could not be isolated in the 
MB/BACT system despite their growth in Lowenstein 
medium came &om the same patient, and they were all 
smear negative. One of the M.  srnegmatis strains and 
three MAC strains grew only in the MB/BACT 
system, whereas three of the M. gordonae strains grew 
only on the MB/BACT system and one grew only on 
Lowenstein medium. A total of 88 (94.62%) of the 
mycobacteria grew on the MB/BACT system, while 
66 (70.97%) grew on the Lowenstein solid medium. 
(y<O.OOl). 
Table 3 Time to detection of mycobacterial species by 
system 
Average number of days (range) in: 
Isolates MB/BACT Lowenstein 
M .  tuberculosis 16.51 (5.8-30.5) 22.71 (7-48) 
Smear-positive MTB 13.47 (5.8-24.5) 21.36 (7-48) 
Smear-negative MTB 21.26 (10.5-30.5) 25.82 (21-47) 
MAC 11.74 (2.3-16.7) 23.6 (23-32) 
M. rmegmatis 41.1 45 
M. gordonae 43.5 48 
Isolation of M.  tuberculosis in the MB/BACT 
system showed the following pattern: 57 were found in 
sputum, seven in urine, four in bronchial aspirate, two 
in pleural fluid, two in gastric juice, two in ganglion, 
and one in bone marrow aspirate. On Lowenstein 
medium, 51 were found in sputum, two in urine, two 
in bronchial aspirate, one in pleural fluid, one in 
ganghon, one in bone marrow aspirate and one in feces. 
This means that 14 were isolated in extrarespiratory 
samples in the MB/BACT system, as opposed to six on 
Lowenstein medium. 
Growth per medium is shown in Table 1, and 
detection of different mycobacterial species according 
to initial smear in Table 2. 
The rate of growth over time is shown in Table 3. 
Considering the total of the samples positive for M. 
tuberculosis, growth in the MB/BACT system averaged 
16.51 days, as opposed to 22.71 days on Lowenstein 
medium, signifying an average time-saving of 6.2 
days with the liquid medium. The growth rate of 
this bacterium ranged from 5.8 to 30.5 days in the 
h4B/BACT system and from seven to 48 days on 
Lowenstein medium. In the MB/BACT system, 3.95% 
of the M. tuberculosis isolates were detected during the 
first week, 34.21% in the second, 39.47% in the, third, 
15.79% in the fourth and 6.58% in the fifth. No isolates 
grew in this medium after day 31; 77.63% of the 
M.  tuberculosis isolates were detected before day 21. In 
the smear-positive group, 90.9% were detected before 
day 21, and in the smear-negative group, 59.37%. 
Table 2 Detection of different mycobacterial species according to initial smear 
Total number MB/BACT MB/BACT Lowenstein 
Isolates of isolates and Lowenstein O d Y  O d Y  P values 
Total MTB 80 56 20 4 0.0003 
Smear-positive MTB 46 40 5 1 0.1 
Smear-negative MTB 34 16 15 3 0.001 
MAC 7 4 3 0 N D  
&l. smegmatis 2 1 1 0 ND 
&l. aordonae 4 0 3 1 ND 
ND, not determined. 
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As for contaminants, the processing of a total of 59 
samples had to be interrupted in the MB/BACT system 
as a result of contamination, i.e. 5.01% of all samples 
that were processed, whereas 97 samples were con- 
taminated on Lowenstein medium, i.e 8.36%) of the 
total. Of the contaminants in the MB/BACT system, 
26 were Streptococcus viridans (44.06%), 10 coagulase- 
negative staphylococci (1 6.94%), nine Enterococcusfaecalis 
(15.25%). nine Staphylococcus aureus (15.25%), four 
Eschericliia coli (6.78%) and one Corynebacterium minutis- 
rirnum (1.69%). This means that Gram-positive cocci 
were responsible for 91.52% of the contaminants in this 
medium. O n  the Lowenstein medium, this percentage 
was 87.15%. Sixteen of the samples whose processing 
in the MB/BACT system had to be interrupted could 
be processed completely in the Lowenstein medium. 
The reverse occurred 58 times. In one case, growth of 
M .  tuberculosis developed in the MB/BACT system 
when a contamination by S. viridans had interrupted 
the processing on Lowenstein medium. 
There were no cases of false-positive (positive 
signal with negative culture) or very early detection 
(positive signal and negative Ziehl-Neelsen staining) 
results. Every time a positive signal appeared, either a 
mycobacterial strain or a contaminant was recovered. 
DISCUSSION 
A routine laboratory having to culture mycobacteria 
requires a system that guarantees high recovery of these 
bacteria in clinical samples in as little time as possible, 
with a low percentage of contamination, as little 
handling of the samples as possible and a simple 
procedure to allow the process to be applied as a routine 
laboratory activity. 
In our study, the MB/BACT system guaranteed a 
higher mycobacterial recovery than the Lowenstein 
medium (87/65). With M.  tuberculosis, there was a 
difference of 16 isolates (75/59), which was especially 
important in cases where microscopy was negative 
(29117) and in non-respiratory samples (14/6). The 
higher rate of recovery in the MB/BACT system 
compared with Lowenstein medium also showed in 
non-tuberculosis mycobacteria (12/6). Although the 
low number of isolates of non-tuberculosis myco- 
bacteria does not allow us to find statistically significant 
differences, there is a higher detection of growth with 
the MB/BACT system. 
The mean detection time was shorter for all 
mycobacteria in this study, with a time-saving of 6.2 
days for M.  tuberculosis (7.89 with positive microscopy 
and 4.56 with negative microscopy), 11.86 days for 
the MAC, 3.9 days for M.  smepnatis and 4.5 days for 
izI. gordonae. Especially in the case of M.  tuberculosis, 
the possibility of rapid diagnosis is of paramount 
importance for curbing the disease [9] ,  and with the 
MB/BACT system, unlike other systems, this was 
supplemented by the fact that identification with 
genetic probes was possible immediately upon detection 
of growth without requiring additional time to obtain 
further growth, using the liquid medium in which the 
mycobacteria grew directly in the Accu-Probe system. 
The percentage of contamination was also lower 
than with the Lowenstein medium (5.34%) versus 
8.36%), which allows the laboratory to successfully 
process a larger number of the samples that they receive. 
With the MB/BACT system, the highest contamination 
percentage was due to Gram-positive cocci, indicating 
a need for a reformulation in the composition of the 
antibiotic mixture supplied, by the addition of an 
antibiotic specific for these microorganisms. 
This system requires minimum handling of the 
samples, since it uses a sealed bottle which, once it 
has been inoculated, does not have to be opened or 
subjected to invasive procedures for detection of 
positives, thus preventing the occurrence of the cross- 
contamination found in other semi-automated culture 
systems [lo-121. Moreover, the risk of contamination 
of laboratory personnel is also kept to a minimum, as 
they do not have to open the bottle, and so are not 
exposed to the mycobacteria. Mycobacteria cultured 
in the system can be directly identified by means 
of genetic probes without the need for an additional 
waiting period to obtain further growth, and the 
inoculum for this method is obtained by means of the 
BCB VENT system (Difco), which minimizes the risk 
of contamination of laboratory personnel by puncture. 
The extra price of culture in the MB/BACT 
system (about seven times the price of a Lowenstein 
culture) is worthwhile because the earlier detection 
means a faster initiation of treatment in patients 
suffering from tuberculosis or atypical mycobacteriosis, 
especially in the smear-negative samples, where no 
laboratory test indicating an infection by mycobacteria 
is available apart from culture, which can be performed 
much faster in the MB/BACT system, with great 
benefit for the patient. 
The results obtained for this culture system are 
similar to those obtained for other non-radiometric 
systems based on liquid media [13,14], where signi- 
ficant differences in the rate of recovery are reported 
when compared to Lowenstein medium, and there was 
a time-saving for all the mycobacteria isolated. 
The excellent results that were obtained with the 
MB/BACT system, together with its ease of use, make 
it a suitable complement to culturing on Lowenstein 
medium, while the workload does not significantly 
increase in comparison with culturing on solid media 
Garcia Garc ia  e t  a l :  MB/BACT versus L o w e n s t e i n  m e d i u m  cu l ture  3 4 3  
only and still allows major recovery of mycobacteria 
with a significant time-saving. 
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